The creep and stress relaxation tests of dentate discontinuity poured by cement mortar are carried out by using biaxial creep machine under the same normal stress and shear stress levels. According to the creep and stress relaxation test results: If don't consider the instantaneous deformation of creep curve, there are many similarities of the creep curve and stress relaxation curve, but the trend of the creep curve was opposite to that of the stress relaxation curve; Creep equation and relaxation equation of Burgers model is selected to fit the creep curve and stress relaxation curve, the fitted curves agree well with the experimental data and correlation coefficient is higher. The values of G 1 of the creep equation and relaxation equation are close, but the values of G 2, η 1 and η 2 of the creep equation is one magnitude order higher compared with that of the relaxation equation, so it is not simply considered that creep and relaxation are equivalent.
Introduction
Researches on flowing deformation of rock mass mainly focus on the change law of stress and deformation of rock mass along with the time variation. Besides, engineering practices and researches have indicated that stress and deformation of rock mass keep developing and adjusting in a long period of time till the failure of rock mass engineering. Creep deformation and stress relaxation are two important aspects in the researches on properties of flowing deformation. Researches on creep deformation focus primarily on the uniaxial and triaxial compression creep of rock mass and have achieved quite abundant research results (Sun 1999 , Tomanovic 2006 . Though researchers have realized the importance of stress relaxation properties of rock mass, relevant researches are few for stress relaxation tests usually require test control mode with constant deformation, which can hardly be realized with general testing machines in the early days (Ladanyi and Johnston 1974) . With the development of rock mass engineering and the improvement of experimental level, some scholars began to carry out uniaxial and triaxial compression stress relaxation tests on rocks (Tang and Pan 2003 , Li 1995 . In practical projects, the existence of structural planes leads to great differences in mechanical properties between rock mass and complete rocks, and results in discontinuity, anisotropy and heterogeneity of the properties of engineering rock mass. Ding (2005) , Xu and Yang (2005) carried out experimental researches on the creep deformation properties of structural planes and proposed corresponding constitutive equation. Due to the complexity of flowing deformation properties of structural planes and the great number of influencing factors, Shen and Zhang (2004, 2008) adopted similar materials and carried out researches on the mechanical properties and creep deformation properties of structural planes. It can be inferred from the results of aforementioned researches that creep deformation and stress relaxation basically proceeded separately according to their respective characteristics. Liu (1994) proposed that creep deformation test and relaxation test are equivalent in nature; therefore it is necessary to make a comparative analysis of the creep deformation properties and stress relaxation properties, so as to better understand the mechanical properties of structural planes under the effect of long-term load.
The research adopts samples with regular dentiform structural planes and carries out test researches on the creep deformation properties and relaxation properties of the structural planes. Based on the test results, it analyzed the fundamental rules of creep deformation properties and relaxation properties of structural planes with different ascending angles, and the differences and similarities between fundamental rules of creep deformation and relaxation; it adopted Burgers Model to describe creep deformation curves and relaxation curves and made a comparative analysis of fitting parameters.
TEST MATERIALS AND TEST METHODS

Test Equipment
The research adopted CSS-1950 rock biaxial creep testing machine, which is manufactured by Changchun Testing Machine Research Institute, as shown in Fig.1 . The testing machine can exert vertical axial load and horizontal axial load simultaneously or respectively with the aid of mechanical-electronic servo control system, with the maximum vertical axial pressure of 500 kN and the maximum horizontal axial pressure of 300 kN. It can also simultaneously measure the biaxial and bilateral deformation values of samples. The deformation measurement range is ±3 mm and the deformation measurement precision is 0.001 mm, which can satisfy the accuracy requirement of the tests.
Test Material Preparation
Specification of samples: 10cm×10cm×10cm; the length of single dent of regular dentiform structural planes is 10mm, 10 dents in total, with three different ascending angles, namely 10 . The model materials adopted 32.5R cement, standard sand and water, the mix proportion of which is water: cement: sand = 1:2:4. The materials were evenly mixed according to the proportion, tamped in steel molds and smoothed down, so as to reduce unfavorable impact during sample preparation. The mold was removed 24h after the models being shaped; and maintained for 28d.
Test Methods and Loading Methods
The normal stress in tests was 10% of the uniaxial compressive strength of complete cube samples, i.e., 19.62MPa. Before the test, direct shear test were carried out on samples of three different ascending angles, namely 10 
TEST DATA AND RESULT ANALYSIS
Creep Deformation and Relaxation
The tests were carried out according to the aforementioned methods. Many data were obtained and sorted to form the creep deformation and stress relaxation curves of structural planes with the ascending angle of 10 o , 30 o and 45°under the same normal stress, which are as shown in Figs.5-7. It can be observed that: (1) At the time of creep deformation, the stress is constant, deformation increases with the increase of time, deformation rate gradually decrease and approach zero; the curve is convex. The overall test
curve is continuous creep curve, which demonstrates obvious stair-step shape with the increase of shear stress level. (2) At the time of relaxation, the strain is constant, the stress decreases with the increase of time, relaxation rate gradually decreases and approaches zero; the curve is concave. (3) The sample structural plane with the ascending angle of 30 o in Fig.6 didn't fail in relaxation test, yet it failed in creep deformation test during the loading of the 5 th -level stress. Sample difference is part of the reason of the failure, yet the major reason is that the testing machine keeps exerting stress and inputting energy on the sample during the process of creep deformation. When the accumulated energy is greater than the energy required for sample failure, the sample will fail. In contrast, relaxation mainly involves energy release. Though sample difference can lead to the difference in failure value, generally speaking, failure will not occur during relaxation, but in the process of loading stress.
To avoid the effect of loading history on samples, creep deformation and relaxation data under 1 st -level stress ( ) was analyzed, and formed shear creep deformation curve and stress relaxation curve of structural planes with different ascending angles as shown in Figs.8-10 (the horizontal ordinate in the image is time, unit: h). It can be observed that: the creep deformation curve include two stages, namely attenuating creep and steady creep; and the relaxation curve can also be separated into attenuating relaxation and steady relaxation. When instantaneous deformation in the loading process is not considered, the creep deformation curve and relaxation curve are similar in form and almost mutually symmetrical, yet their changing processes are opposite. It indicates that as two major aspects of flowing deformation, creep and relaxation are related but different. Some scholars regard relaxation as another form of creep deformation; some others point out that creep deformation and relaxation are equivalent. They are two idealized mechanical concepts of long-term mechanical properties of materials, which are controlled by the same mechanical mechanism in essence (Liu 1994) . 
Creep and Relaxation Properties of Structural Planes with Different Angles
It can be inferred that under the same level of normal stress and shear stress, when the ascending angle is larger, the shear creep deformation is greater and the transition creep deformation is more obvious, the duration is longer and the rate in the steady creep stage is larger. For instance, when the creep deformation time is within the range of 32-72h , the average creep deformation rates of ascending angles of 10 o , 30 o and 45 o are 0.22×10 -6 /h, 0.4×10 -6 /h and 0.73×10 -6 /h in respective. When the ascending angle is small, the structural plane strength is the frictional strength. After being exerted with forces, the structural plane displays friction effect. When the ascending angle becomes larger, the structural plane strength includes both friction and gear-cutting strength; and there are both ascending effect and gear-cutting effect after being exerted forces. Besides, the gear-cutting effect is the major aspect, therefore leading to greater creep deformation. The rules generated in this research basically conform to the conclusions of (Shen 2004). It can be observed from the relation curve of time and the relaxation stress that relaxation stress increases with the increase of time. When the ascending angle is larger, the instantaneous relaxation is larger, the duration required in transiting to steady relaxation is longer, and the average rate of steady relaxation is larger. For instance, when the relaxation time is within the range of 32-72h, the average relaxation rates of ascending angles of 10 o , 30 o and 45 o are 3×10 -3 MPa/h, 0.8×10 -3 MPa/h and 1.5×10 -3 MPa/h in respective. From the standpoint of energy, when the stress level is the same, the larger the ascending angle is, the more energy is accumulated during the loading process; the accumulated energy is released during relaxation, the relaxation stress and relaxation rate is greater within the same time, and the time required to achieve balance of internal and external forces is longer.
CREEP AND RELAXATION CONSTITUTIVE EQUATIONS
From the creep curve and relaxation curve in Figs.5-10, it can be observed that the curves are similar in curve patterns; the processes of creep deformation and relaxation demonstrate obvious elastic and viscous characteristics. In researches on rheological constitutive model, four-element Burgers Model is usually adopted to describe viscoelasticity creep and stress relaxation properties of materials. Burgers Model is constituted with M model and K model, which is shown in Fig.11 .
The constitutive relationship of stress-strain in Burgers Model: 
]
When the strain is constant in relaxation, the stress gradually decreases with time. When , ε=ε o , and ε(t)=ε o in any time afterwards, Burgers Model relaxation equation is thus obtained as follows:
If
, Burgers Model will only have practical meaning when . Therefore, , , and shall be restricted by the condition during parameters fitting. The test is a shear relaxation test on structural plane, stress in Equation (2) and (3) are shear stress of structural plane in the test; and are shear modulus and of the structural planes of samples. The least square method is adopted to make fittings of the creep curve and relaxation curve of structural planes with different angles in Fig.9 . Please refer to Table 1 for the fitting parameters. And 30 o structural plane is taken as an example to show the fitting curve and test curve comparison results, as shown in Fig.12 . (2011) . Sun (2007) points out that the flow deformation mechanical models and their model parameters based on creep loading and unloading test shall be consistent with that obtained based on other test results. The paper adopted samples made with the same materials as well as the creep deformation and relaxation equations deduced with the same constitutive model, to make fitting of the creep and relaxation curves starting from the same point, yet obtained quite different parameters. It further testified that creep deformation and relaxation are not equivalent. Therefore, it is not acceptable to deduce stress relaxation properties from creep deformation properties, and vice versa.
CONCLUSIONS
(1) During step loading, the overall creep and relaxation curves displayed step-shaped changes. When the instantaneous deformation is not considered, the creep curve is convex while the relaxation curve is concave. Creep curve and relaxation curve are similar in pattern, yet opposite in process.
(2) The results of fitting creep curve and relaxation curve with Burgers model show that the fitting curves and test curves demonstrate high degree of agreement, which can describe creep deformation and relaxation process. There is no obvious difference in model parameter , yet great variance in the value of other parameters, such as 2 G , 1  and 2  , about one order of magnitude. It is not acceptable to simply regard creep deformation and stress relaxation as equivalent.
